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(57) Abstract - . : , / - 

Method and apparatus for the in-situ generation of volatUe compoimds ^^tfain the prows °LiS?cS^ 
A sourSTof molecute is located upstream &om a soUd mat^ial which is d«ired to be deposited ^^^-^^l^^^^^ 
of^e^tenTTTie molecules are acted upon by a disasspdation means, snch as a pyrolytic, plasma disiiharg^r ra^^n 
^,£iKmSSy ^^ve free radi<SL liese ftee radicals are ftagm«^ of molecu^« """^f^^^^^S^ 
Sl^rdance witithe invention, these highly reactive radicals are generated near Ae solid s^ "^^^ZL^t^ 
which transports the radicals to the solid material before the radicals recombine with one anotha- to form ™>«af^e in^ 
Sff S fiS^iSs react with the soUd source material to form vola^B <»™P°™f^?Jl^*»"'*^ 
pounds, which are subsequently conveyed to the reaction chamber of the system for deposition therem. 



I 



i F(mmEPVBPOSESOFINFOSMAXIONOia.T 

» 

I Codes used to identrly States pgrrtytn the PfTTm the fwmtpages 

I cations under the per. 



AT 


Aiistii& 


IB 


Fmncc 


ML 


Mafi 


An 




GA 


Gabon 


MR 


IttinritBma 


BB 


Baibadfis 


<3 




MW 


Malavi 


BE 




HU 




NL 




EG 


Bnlgana 


ir 


Italy 


NO 




BJ 


Benin 


JP 


Japan 


SO 




BR 




KP 


Democzatic People Republic 


SD 




CF 


i^^fPtr?! Afiican Rffpi;iMfc 




ofKcaea 


SE 


Sveden 


OG 


S^^edasd 


KR 


Rfipobfic ctf Kflcea 


SN 




ca 




U 


lieditatstsin 


SU 


Soviet Uiiion 


CM 




IM 


Sri Lanka 


m 


Cbad 


DE 


Gennany* Fedeni Rqniblic of 


UJ 




TG 


Togo 


BK 




Me 


Monaco 


US 


Uoited States of Amsnca 


H 


Fiolsod 


MG 


NfodagBscsr 







wo 89/01988 



PCT/US88/02622 



1 TM-STTD rtRMRRATTOM QS. ynTiftTILE COMPOUNDS £QB 

rwRMTrAt. VAPOR DRPOSTTTON 

5 

The present invention relates to chemical vapor 
deposition (CVD) and, in particular, to the in-situ 
generation of volatile compounds for use in a CVD 
reactor. 
10 . 

RAPTffiRnnMD QZ THE TTJVEMTTON 

CVD reactors of the prior art, such as metalorganic 
chemical vapor deposition (HOCVD) reactors, have 

15 typically used reservoirs of previously prepared 
organometallic compounds as sources for reactants. As 
is well known, these compounds may be extremely toxic 
and pyrophoric and, in general, are difficult to handle 
and store. The volatility.,, reactiveness, and the 

20 tendency of these compounds to readily decompose when 
exposed to air and moisture has presented a formidable 
-problem. In addition, a complex array of process 
piping and valves is typically required to deliver the 
needed quantities of reactants to the MOCVD reactor. 

25 Also, separate temperature controls are generally 
required for each such source of reactants- 

MOCVD systems are used, typically, for the deposition 
of type III-IV and II-VI semiconductors, as well as 



ceramics, metals and metal alloys. The volatile 
organometallic source compounds in these MOCVD systems 
are typically prepared as a gas or a high vapor 
pressure liquid .which is stored in a reservoir. A 
carrier gas such as hydrogen is "bubbled" through the 
reservoir and the source compound and the carrier gas 
are subsequently introduced by means of metered valves 
into the reactor, or depositiour chamber. Within the 
chamber the volatile compound or compounds are 
decomposed and the desired material is deposited 
therein. The delivery of a known or reproducible 
amoxint of reactant to the deposition chamber requires 
independent temperature and carrier gas flow control 
mechanisms for each type of required reactant. 

As can be appreciated from the foregoing, the required 
storage of relatively large quantities' of these highly 
toxic and unstable organometallic source compounds has 
]^resented a serious problem. In addition, the 
implementation of the complex piping and process 
control mechanisms required to introduce desired 
amounts o^ tbese organometallics into the HOCVD reactor 
has also presented a serious problem. 

One further disadvantage of these systems of the prior 
art is that the use of liquid reservoirs of source 
compounds in conjunction with a carrier gas "bubbler" 
is inappropriate in a zero gravity environment such as 
is found in a spacecraft. Thus, the use of such prior 
art CVD systems to produce, for example, high-quality 
semiconductor devices in an orbiting production 
facility is foreclosed by the reliance of such systems 
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I ot the prior art on gravitational force for proper 
operation. 

SUHtt^X QE THE IHYEHTIQH 

S ..n ^ ai-o overcome and other 

^ne toreaoin, P"";»%".%;;"3y3ta. which, in 
advantages "'^ J; ,J .ethod of the 
'""ttr rrio«s fo^t". in-»itu generation of 

X. ToirtiXe o'o.^-a:. such a. or,ano.etallio ccpounas. 

^ "'irt::Vvri:n; a ^r^f =;es m 

rarrpsre^'ora source of soiia .ateriai which 

-fca.^ .{n i-he reactor chamber, tne soj-io 
is to be deposxted xn tbe reaci. interior 

15 -aterial hein, in ™°^"'"Ve ^ol.cuXes. for 
portion Of the process ^^/^^'^/f by a 

example organic molecules. "^J^ ^ i„„ 

disassociation means, such as ' J^^i,. 

...Charge, or "dia^on ;^-^^- 

"rorga^ ic ^ixecules ^ contain unpaired electrons 
^Lhiv reactive radicals are generated near the 
These highly ^^i^h transports the 

solid material m a gas stream the radicals 

.edicals to the -V^V^^^'^^' unre.ctive 

« recomhine "^^^j" ^^tJk' s .eact with the atoms of 

rhVTo'lId material to form, for e.^mple. 
.the soxia w« „v,,-eh are subsequently 

.»n«.»«iallic compounds which are s»ui^=> -a 
organometaiXic comt. svstem wherein 

conveyed to tbe reactor chamber of the syst 
30 the atoms ace deposited. 

I„ one embodiment of the invention a pyrolysis reaction 
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1 is utilized to form free radicals within a portion of 
the CVD process piping. The pyrolysis reaction is 
accomplished by a resistive beating element which 
surrounds the portion of the process piping^ the 

5 heating element creating a high temperature region 
which acts to form free radicals from the organic 
source molecules-' In other embodiments of the 
invention the free radicals are created by an 
electrical discharge which produces a plasma regidn 

10 within the process piping# or by an ultraviolet light 
sourcer the radiation from the light source creating 
the free radicals. 

After being so generated, the free radicals are carried 
15 ^downstream by a carrier gas flow and pass over the 
surface of the solid source material, the material 
containing a material which is desired to be deposited 
within the reactor chamber • The free radicals react 
with the surface of the material such that atoms of the 
20 material bind to the free radicals and are subsequently 
conveyed into the reactor chamber where the atoms may 
be deposited as films or thin layers, as is typically 
done within a CVD reactor chamber. Bulk crystal growth 
and whisker growth may also be achieved in this manner. 
25 ' 

In accordance with the invention, a single stream of 
f fee radicals within a portion of a primary process 
tube may be subsequently divided by branches provided 
from the primary process tube such that each subdivided 
30 stream may come in contact with a different desired 
solid compound or element, thus, a great simplification 
is achieved in the generation of such organome tallies. 
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10 



.Alternatively a single solid source material 
Of, for example, an .Hoy eontainin, a °* 
LLirea source materials may be utilized wxthxn the 
primary process tube. Thus, a plurality of volatxle 
^Lpound. »ay be simultaneously generated by a sxngle 
Stream of free radicals. 

The use of the apparatus and method of the invention 
Obviates the need for the storage of these toxic and 
highly reactive organcmetal lies, instead, the 
organometallics are generated as required within the 
process piping of the C7D system itself. 

BBIBE DESCBI2IIQII QE THE OB&IJIHGS 

Fig. 1 illustrates a portion of a process tube which 
allows for the pyrolitic generation of free radicals; 

Pig. 2 illustrates a portion of a process tube which 
allows for the generation of fxee radicals by plasma 
20 discharge; 

Pig. 3 illustrates a portion i>f "a process tube which 
allows for the generation of free radicals by a source 
of ionizing radiation; and 

Pig. 4 illustrates a portion of a process tube which 
allows for the generation of one or more desxred 
volatile compounds from a single solid source materxal. 



15 
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1 QEZ&ZliSC Q£S£EIBZIQS QE ZSE IB2SI9ZIQfi 

Referring now to Pig. 1# there is shown a portion of 
the process piping for a chemical vapor deposition 

5 (CVD) reactor system. A primary portion of a process 
tube 10 has a plurality of branches, or secondary 
portions, projecting therefrom, shown in Pig. 1 as 
tubes 12, 14 and 16. Although three such branches are 
shown in the Figures, it is understood that more or 

10 less than three may be employed, depending upon, the 
requirements for a particular application. The use of 
three such branches advantageously provides for three 
separate streams of highly reactive free radicals to be 
provided to three separate solid sources, shown 

15 generally as 18, 20 and 22« Tube 10 and the branches 
thereof are comprised of a suitable refractory 
material such as quartz. Surrounding a portion of tube 
10 is a pyrolitic disassociation means such as a 
res.isti^ve heating element 24 having a plurality of 

20 resistive heater windings 26 contained therein. 
Element 24 is electrically connected to a source of 
heater power (not shown) in order that the portion of 
tube 10 contained within element 24 may be raised to an 
elevated temperature! The arrow A indicates the 

25 direction of flow of a gas stream containing molecules 
to be dissociated into free radicals, the source of the 
molecules being provided by a suitable means at an 
upstream portion (not shown). The molecules may be 
organic molecules or inorganic molecules such as 
30 hydrogen. As the gas stream A passes through the 
portion of tube 10 within element 24, a pyrolytic 
reaction .occurs due to the elevated temperature of this 
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1 portion of the tube 10. As a result, the molecules 
within the stream A are disassociated into a stream of 
free radicals, shown as the arrow A». This stream of 
free radicals A» is divided within the branches 12, 14 

5 and 16 of tube 10 such that each of the solid materials 
18, 20 and 22 has a portion of a free radical stream A* 
passing over at least one surface thereof. Each such 
source of solid material may be comprised of a metal, 
for example antimony or cadmium, a non-metal, such as 

10 silicon or tellurium, or an alloy. The solid material 
may also be in the form of an elemental source of the 
desired material, or may comprise compounds of the 
desired material, or a compound comprised of two or 
more desired materials. In addition, a liquid material 

15 *such as mercury may be employed. 

In accordance with the invention, the stream of free 
radicals interacts with the surface of the solid 
material such that an atom of the solid material is 
20 bonded to, typically, more than one of the free 
radicals passing thereover. The resulting stream of 
gas in each of the branches, shown as the arrows B, C 
and D, therefore contains, for example, organometallic 
molecules which are carried to a downstream region of 
25 the CVD reactor system (not shown) where vapor 
deposition occurs, A carrier gas stream may also be 
included as part of the gas stream A within the tube 10 
for transporting the free radica'ls and the volatile 
product molecules to the downstream portion. A 
30 plurality of metering valves 28a, 28b and 28c may also 
be included for selectively allowing or inhibiting the 
flow of gas streams B, C and D, respectively. 
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1 The branches of the process tube make it possible to 
have a single radical source provide free radicals to a 
plurality of separate solid sources. In this manner 
ternary materials such as CdZnTe and CdHnTe can be 

5 deposited using elemental metallic sources. It is also 
possible to use compounds such as HgTe or HgZnTe to 
deposit binary or ternary materials. 

For example, it has been found that the half-life of 
10 methyl radicals (CH3-) is approximately 10*"^ seconds. 
This half-life is adequate for the radicals to form 
volatile antimony compounds vitfa a source of solid 
emtimony which is located approximately 37 centimeters 
downstream from the portion of the process tube where 
15 the free radicals are generated. The formation of 
^these antimony compounds is found to occur at an 
appreciable rate. In general, if alkyl radicals are 
generated near a solid element or compound, they will 
readily react with the element or compound to form 
20 volatile, easily pyrolysed compounds which have a 
carbon atom bonded directly to a atom of the solid or 
compound^ ' 

Of the many possible pyrolysis reactions which may form 
25 free radicals, two examples are now given. Ethane, a 
typical paraffin, decomposes above 8 00®C to yield 
methyl 

C2 Hs Rnooc^ 2CH3. 
30 A 

which reacts directly with solid metallic source 
materials to yield methylated compounds. 
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•Ki* nvrolysis reaction, which is 
another P—ble ^^^J^^,^^,^ temperature 
attractive due to the rexai^i 
required, is that of aromethane 

CH3H = NCH3 ,450OC>^ 2CH3* + ^2' 

in general, such reactions take the fora: 



10 



25 



30 




« Ko H alkYl groups, oxygen bearing 
where RrR' can be Br aiKyx « e 
groups forming peroxides or ethers, etc. 

via 2 there is shown another 
Referring now to Fig. «« 

P"'"" 3°,' 3/::r36! \ s.r.^ ot or^amc molecules 

,ourc. ino connected to a source of 

20 'l""""", " '"^^ " magnitude of the voltage 

discharge voltage 42 tb g ^ 

being sufxicxent \° ^^^^^es 38 and 40. The 

Trtal'.'Trt ;"rthrorgh the pxas»a created 
streai. A as disassociated into a 

between eXectrodes ^'.^^^^.^ „. subs.quentXy 

stream of organxc * sources such a. is 

conveyed to a pXuraXity of soiia = 

depicted in Pig. 1. 

3 shows yet another embodiment of the present 
IZZTZrlu. a process tube S» having a pXuraX.ty 
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of branches 52, 54 and 56 is provided with a source of 
ionizing radiation, the radiation in Pig. 3 being 
depicted as ultraviolet CUV) radiation. An DV source 
58 may be positioned adjacent to the tube 50 in order 
5 that the OV radiation, shown as the arrows 60, inay 
enter the tube 50. Of course, in the embodiment of the 
invention shown in Fig. 3 the tube 50 must be comprised 
of a material suitable for admitting the radiation 60 
therein. Alternatively, the source 58 may be 
10 incorporated within the tube 50. As has been 
previously described, a flow of organic molecules A 
passes through this region of tube 50 where the DV 
radiation 60 causes the molecules to be disassociated 
into free organic radicals, shown as the arrow A'. The 
15 free radicals are subsequently conveyed to separate 
sources of solid material (not shown) by the branches 
52, 54 and 56. 

In the embodiment of Fig. 3, the organic molecules A 
20 may be comprised of (CH3)3CO-OC(CH3)3 which, under the 
influence of the OV radiation 60, is disassociated into 
2 C4H90». 

In general, if the disassociation means chosen for a 
25 given application acts by pyrolysis or by plasma 
discharge, substantially all known organic molecules 
may be disassociated thereby into a stream of free 
radicals. If# however, a source of ionizing radiation 
is employed, such as DV radiation, selected organic 
30 molecules may need to be employed, the molecules being 
selected for their susceptibility to breakdown induced 
by the radiation. 
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, ..... -a, .e seen ..a. ^^1^:%:!^^^ 

generation of bxghly ^ reactor, such in- 

■ «it.in the ^^°'-'\l'^;Ze \lZl^\ eliminates the 
5 situ generation of '^e" »ax ,.„^i,ies of 

„9uire,»ent for storing ^^Kxt^^'^Y larg q 
organo»et.llic, within or near ^^ '^X^^^^^,,^,^^ 
accoraanc. with the -""^^»"V,\\": " id source 
..e *"V"""tder t"genrra.e a suppiy of 
" oUtalXics for aeposition within the reactor. 

rn.tion"of'reser/oirs of ^-^^^ ^^^^^t^tZ 
ivo ttie elimination of the typicaAxy 

::.:.7r;r.u: r„""ir." 
r.= r-r.::" r:: t.."?."™'.;"'.. .... 

.\?nt desired amounts of otganometallics to pass 
Thrr r-eii-^nation Of J^V.TerwU 
. i:-\\^:=u\Trw:.r^=^^ a Jro gra.it. 

environment* 

- K«.n oreviously mentioned, the method and 

AS has been previousxy utilized with a wide 

apparatus of the '^^^'^'^^l^^^J^^^^^^^ and 
variety of solid source materxais, oota 
Ln-L^Xlic. and with a variety of free radicals 
30 specie, such as. for example, atomic hydrogen. 
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1 One particular volatile compound that is especially 
desireable to generate is. hydrogen telluride which, due 
to its instability, is difficult to store in the 
reservoir-type CVD systems of the prior art. The use 

5 of the invention allows for the in^situ generation of 
^hydrogen telluride in an "on demand" basisf thereby 
eliminating such a storage requirement. 

In general, a desired tellurium compound in solid form 
10 is reacted with free radicals of atomic hydrogen in 
accordance with the formula 

H2 ^2H* r 2H* + Te(s)^H2T^(g). 

15 The hydrogen telluride is subsequently decomposed 
within the CVD reactor by conventional means in order 
to deposit the desired tellurium compound. 

Also, solid compounds or mixtures comprised of two or 
20 more materials which are desired to be deposited may be 
employed as the solid source material in accordance 
with the general formula: 

A:B (alloy) + (m + n)R*^^A(g) + R^BCg). 

25 

A specific example of this formula iss 

Cd:Zn + 4R*^=hR2Cd(g) + R2Zn(g). 

30 This feature of the invention is advantageous in that 
it provides for the in-situ generation of two or more 
volatiles within one portion of the process piping. 
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10 



15 



20 



25 



^ fh. reaaitad amount and conplejcity of the 

thus reducxng tae requiteu ^ nw 
fhe associated components, such as flow 
•• T\l" . L illustrated in Fig. a portion of a 
controllers. ^ ill „e,„s 64 coupled 

rrrrtort'e disa" ociation means 62 comprising, for 
thereto, ^t^,, aisassociation means of Pxg. 1. 

ex^aple, aisassociat.d by mean. 64 to 

^ra%\roVf"ee ra'licals B. ..ese radicals B react 
Tith a solid source material 66 comprxsed of, in 
Accordance with the foregoing exampla. » 

The resultant flow of volatile compound. 

cadmium volatil.s C and .Inc volatile. D whxch are 
to the CTD reactor (not shown) wherexn the 

roTa\ire. C a^^ = a« decomposed by conventional 

i:lLt:el in order , to deposit th. desired Cd and .n. 

It should be appreciated that the use of the present 
^LenWon also provides for the in-situ generation of 
"latile. whlch^ar. not commercially available due to, 
for example, their inherent instability. 

While the present invention ''"/""^^^^^ ^^'wilVb: 
context of preferred embodiments *=f ""^^^ 
,..ailv apparent to those skilled xn the art that 
readxly apparen ^ therein without 

modifications and varxatxon can oe m« _,..ant 
departing from the spirit and scope of the P"««" 
invention. Tor example, one such modification may be 
tblreplacement of the resistive heating element of 
P^,. 1 «lt'' aisassooiation means such 

Is a flame directed against the outer walls of the 
p ocess tube. Accordingly, it is not 

present invention be limited to or by the specxfxcs of 
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1 the foregoing description of the preferred ©mbodiiaents, 
but rather only by the scope of the invention as 
defined in the claims appended hereto. 
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What is claimed is: 



1 A method of generating a volatile 
compound for use in a CVD system, comprising the steps 



of: 



10 



providing a source of molecules? 

introducing the molecules into a 
predetermined region of a process pipe 
coupled to the system? 

disassociating the molecules within the 
predetermined region to generate free 
radicals therefrom? 

,5 passing the radicals over a solid source 

of material, the material being a 
material desired to be deposited withxn 
the. system, the radicals reacting with 
the material to generate a volatile 

20 compound? emd 

directing the volatile compound into a 
portion of the system" wherein the 
volatile compound is decomposed and the 
25 material is deposited. 

2 The method of Claim 1 wherein the step 
of disassociating is accomplished by heating the 
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predetermined region to a temperature sufficient to 
disassociate the molecules into free radicals. 

3. *rbe method of Claim 1 wherein the step 
of disassociating is accomplished by generating an 
electrical plasma within the predetermined regxon. 

4. The method of Claim 1 whierein the step 
of disassociating is accomplished by irradiating the 
predetermined region with a source of ionizing 
radiation, the radiation having sufficient energy to 
disassociate the molecules into free radicals. 

5* The method of Claim 4 wherein the 
radiation is generated by an ultraviolet radiation 
source. 

6. The method of Claim 1 wherein the step 
of introducing further comprises a step of providing a 
carrier gas flow for carrying the molecules into the 
predetermined region. 

7. The method of Claim 1 whetein the step 
of passing is accomplished at a time before the free 
radicals have substantially recombined into unreactive 
molecules • 

8. A method of generating a plurality of 
volatile compounds within CVD systemr comprising the 
steps of: 



generating a primary supply of fr 



ee 
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3.0 



15 



20 



radicals within a portion of a process 
pipe of the system; 

dividing the supply into a plurality of 
secondary supplies of free radicals; 

» = 4«r. each one of the secondary 
passxng eacn 

supplies over a respective materiel 
is aesired to be deposited wxthxn 
th. system, each of tbe secondary 
supplies reacting with the 
material to generate a volatile 
compo und ; and 

selectively directing, each of the 
volatile compounds so generated into the 
system for deposition of the materxal. 

9 The method of Claim 8 wherein the step 
of dividing is accomplished by providing the process 
;!p!Jil a'plurality of branches projecting therefrom. 

10. The method of Claim 9 wherein the step 
Of passing further comprises a step of P"-^^^ ^^^^^^ 
each one Of the branches one of the materxals desxred 
to be deposited within the system. 

11 The method of Claim 10 wherein the step 
Of selectively directing is accomplished ^yj--^^^^^^^ 
!ach of the branches with a valve means operable for 

passinVa desired amount of a volatile compound 

therethrough. 
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3^ 12. Apparatus for the in-situ generation of 

volatile compounds within the process piping of an 
UOCVD system comprising: 

5 means for providing a scarce of 

molecules to a portion of the process 
piping; 

means for disassociating said molecules 
10 into free radicals r said disassociating 

means being operable for disassociating 
said molecules within said portion of 
said process piping; and 

15 means for contacting said radicals with 

at least one source of solid material 
such that said radicals react with and 
bond to said material whereby" one or 
more volatile compounds containing atoms * 

20 from said material are generated within 

said process piping* 

1 13. The apparatus of Claim 12 wherein said 

disassociating means is a heating element thermally 
coupled to said portion of said process piping. 

1 14, The apparatus of Claim 12 wherein said 

disassociating means is a first and a second electrode 
disposed within said process piping, said electrodes 
being electrically coupled to a voltage source operable 

5 for generating a plasma region between said electrodes 
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and within said portion of said process piping. 

15. Tiie apparatus of Claim 12 wherein said 
disassociation means is a source of ionizing radiation 
radiatively coupled to said portion of said process 
piping - 

16. The apparatus of Claim 12 wherein said 
portion of said process piping has a plurality of 
branches projecting therefrom, each of said branches 
having an interior region communicating with a solxd 
source of atoms and conveying a portion of said free 
radicals therethrough such that a plurality of volatile 
compounds are substantially simultaneously generated 
within each of said branches. 

17. The apparatus of Claim 16 further 
comprising a plurality of valve means, each one of 
Which is coupled to a respective one of said branches 
for selectively passing an associated volatile compound 
therethrough* 

18. The apparatus of Claim 12 wherein said 
molecules are organic molecules. 

19. The apparatus of Claim 12 wherein said 
free radicals are atomic hydrogen and wherein said 
source of solid material is comprised of a tellurium 
compound. 

20. The apparatus of Claim 12 wherein said 
source of solid material is an alloy. 
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